Traditionally, there are two main methods of mask placement during face mask ventilation: one handed (CE) grip and two handed grip (THT). One handed grip is limited by air leaks between mask and patients face on the side opposite to stabilizing hand. Two handed grips provide protection against air leak but require second provider to deliver tidal volumes when using a self inflating bag or anesthesia circuit on manual ventilation. This study introduces modified CE grip which creates a firm seal at patient's face on both sides of mask, enabling adequate tidal volume delivery with provider's second hand. Using left hand, provider places the fifth digit along inferior border of body of left mandible. The fourth digit is placed along inferior border of body right mandible. Standing 6 inches to the left and immediately behind a supine patient on an OR table, provider rotates clockwise 45 degrees at hip, keeping elbow against their body, and lifts patient's chin to 45 degrees. Rotational force at hip augments hand strength while tilting chin. The thumb applies pressure along left border of facemask, and the second and third digits apply pressure to right border of facemask. Methods: Patients with known predictors of difficult mask ventilation (Edentulous, bearded, Obstructive sleep apnea (OSA), mallampati 3 or 4) were in experimental group. Normal patients assigned as Controls. After induction of general anesthesia, provider ventilated patient using adult sized facemask. The anesthesia ventilator delivered standardized tidal volumes. TV, airway pressures, HR and O2 saturation were recorded after each breath. Results: All groups, except OSA, showed improvement, in tidal volumes with the novel technique compared to the traditional CE grip. Conclusion: The novel submandibular technique, an important skill, increases tidal volumes during mask ventilation for certain high risk patients.
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Introduction
Mask ventilation, a vital technique that should be mastered by virtually all medical personnel, has the capacity to save lives in acute care settings, in remote field situations, and in procedures performed with sedation [1] . Pre-operative assessment of the risk of a "difficult airway" is required by the Joint Commission and Centers for Medicare and Medicaid Services, and is recommended by the American Society of Anesthesiologists [2] [3] . Advances in mask ventilation technique that allow it to be performed with greater success for a wider range of patients may therefore have a profound impact on morbidity and mortality.
The study of predictors of difficult mask ventilation (DMV) began with Langeron et al., who defined DMV as "the inability of an unassisted anesthesiologist to maintain the measured oxygen saturation as measured by pulse oximetry > 92% or to prevent or reverse signs of inadequate ventilation during positive-pressure mask ventilation under general anesthesia". They found that the incidence of DMV was approximately 5% [4] . DMV has since then been attributed to a number of factors, including advanced age, male sex, obesity, and Mallampati classification; presence of a beard, a thick neck, or neck masses; and limited neck extension, thyromental distance, and jaw protrusion [5] - [7] .
Analyses of these factors found that a body mass index of 30 kg/m 2 or greater, the presence of a beard, Mallampati classification III or IV, age of 57 or older, severely limited jaw protrusion, and snoring are independent risk factors for a grade 3 DMV airway (inadequate, unstable, or requiring two providers). Independent risk factors for grade 4 "impossible mask ventilation" include snoring and thyromental distance of less than 6 cm [8] .
In cases of DMV, several variants of mask ventilation technique have differing levels of success. Techniques that have been developed include the one-handed C-E technique (Figure 1 ), the two-handed C-E technique and the two-handed V-E technique ( Figure   2 ) [9] .
The one-handed C-E technique requires the provider to use his or her thumb and forefinger to form a "C" shape over the mask, and generating a seal through application of downward pressure. The other three fingers are positioned under the mandible to produce head tilt [10] . The most common reason for failure to ventilate with the onehanded C-E technique is air leak on the side opposite to the stabilizing hand [11] .
As a number of predictors of DMV may cause the facemask seal to be inadequate, an alternative technique that minimizes air leak may be of utility in patients with known risk factors for DMV. This study proposes a novel sub-mandibular one-handed grip that allows a sole provider to apply pressure on the left and right borders of the facemask during mask ventilation ( Figure 3 and Figure 4 ). 
Methods

Patient Selection
The study dates were from June, 2012 to December, 2014. Following IRB approval, 28 patients from ages 18-85 who were to receive general anesthesia were enlisted for the study.
Study subjects were included based on attributes that placed them in the following patient groups: edentulous, bearded, obstructive sleep apnea, Mallampati Class III or IV, previous neck radiation, and obesity with body mass index ≥30 and ≤45. The control group was comprised of subjects assigned Mallampati Class I or II who had no predictors of DMV.
Patients with history of difficult airway, full stomach, ASA class 4 or higher, body mass index >45, loose teeth, or cervical instability were excluded from the study.
Provider Selection
All airway providers were attending anesthesiologists or certified nurse anesthetists with at least one year of work experience. Data collected about the professional participants included gender and age range.
Novel Submandibular Technique
To perform the NST, the anesthesia provider (AP) stood perpendicular to the long axis of the patient's body, aligning the AP's umbilicus to the patient's mentum. Next, the AP placed their fifth digit along the body of the left mandible. The fourth digit was placed along the body of the right mandible. The AP rotated clockwise at the hip while keeping their elbow against their body to lift the patient's chin to 45 degrees. This rotational force adds strength to the chin lift maneuver. The AP avoided pressing the soft tissue in the submental triangle. The first digit was used to apply pressure to the left border of the facemask, while the second and third digits are used to apply pressure to the right border of the facemask. In this way, the provider applied pressure to both the left and right borders of the facemask, eliminating the air-leak commonly observed when utilizing the C-E one-handed technique ( Figure 3 and Figure 4 ).
Anesthesia
Patients presented for elective, same day surgery in an accredited University Hospital Surgery Center. All surgeries are categorized as low risk. Types of surgery include lipoma excision, third molar extraction, tonsillectomy, umbilical hernia repair and corneal transplant.
After informed consent was obtained, baseline vital signs were documented. An After induction of general anesthesia and before placement of the endotracheal tube or laryngeal mask airway, the anesthesia provider performed face mask ventilation to the patient using an adult-sized #5 facemask. Each facemask was pre-inflated with 150 cc of room air, and placed over the patient's oral cavity.
The three methods for holding the facemask over the patient's mouth were then performed in the following sequence: CE, NST, THT.
The anesthesia provider then performed the chin lift maneuver to 45 degrees, placed the facemask over the patients' mouth opening, and activated the ventilator 45 seconds after succinylcholine administration.
A preset tidal volume of 8 cc/kg was delivered for 8 breaths. Any air leaks were noted and minimized by increasing downward pressure on the facemask. Tidal volume (TV), peak airway pressure (PAP), heart rate (HR), oxygen saturation (SaO 2 ) and presence or absence end tidal carbon dioxide (ETCO2) were recorded at each breath by an independent observer. TV and PAP were measured using the Datex Ohmeda Aestiva 5 3000 monitor. BP, SaO2, ETCO2, and HR, were measured using the Philips MP70 monitor.
The same process of ventilator delivered breaths was repeated using the novel submandibular grip followed by the two-handed grip of the provider's choice (either C-E or V-E). Each of the facemask techniques took an estimated 1.5 minutes, for a total of approximately 5 minutes.
For study subjects with tidal volumes less than 1 cc/kg using the CE technique, an oral airway was used and ventilation reinstituted. If the patient could not be ventilated to at least 2 cc/kg after placement of the oral airway, an endotracheal tube was immediately placed, and the study was terminated.
Statistical Analyses
Comparison of the two groups was performed via a 2-sample t test. Analyses of tidal volumes were performed with ANOVA. Chi-square tests, used to assess statistical signi-ficance at the α = 0.05 level, were performed for qualitative reasons only.
As this was a pilot study of a new technique, no previous data existed for the researchers to conduct a power analysis. The data retrieved from this study will be used to construct a larger and more definitive trial. Small sample sizes were selected so that investigators could quickly obtain meaningful trends and rough data. Power analysis was not performed as our primary aim was to determine if the NST was capable of delivering tidal volumes in high risk patients.
Results
The majority of patients in both groups were male. The average age in the control group was 33 years of age, compared to an average age of 52 in the experimental group (Table 1) . Two patients in the experimental group exhibited qualities of two subgroups: one was Mallampati class 3 and was bearded, while the other was Mallampati class 3 and had OSA. No patients were Mallampati class 4. No patients enrolled in the study were excluded from analyses. In control patients, changing from the conventional one-handed C-E grip (CE) to the two-handed technique (THT) resulted in a 15.4% increase in tidal volumes delivered, whereas changing from the novel submandibular technique (NST) to the two-handed technique resulted in an increase of 10.0% (Table 2 ). The ratio of tidal volumes delivered by CE versus THT in control patients was 0.875, while the tidal volume ratio delivered by NST versus THT was 0.894 (Table 3) .
Edentulous patients experienced an increase of 186.9% in tidal volumes delivered when changing from the NST to the THT, and an increase of 191.8% in tidal volumes delivered when changing from the CE technique to the THT (Table 2) Table 3 ).
In bearded patients and patients with OSA, the CE grip delivered higher tidal volumes. In an overall analysis of all patients with risk factors, the CE technique delivered 2.2% higher tidal volumes than the NST technique ( Table 3) .
As expected, the two-handed technique provided the largest tidal volumes of all three techniques in all patient groups.
Peak airway pressure (PAP), heart rate (HR), and oxygen saturation (SaO2) were found to be similar in all three techniques amongst control and experimental groups. Additionally, the above parameters were all within the normal ranges while the study was being performed.
No patients experienced a decrease in SaO2, had a loss of capnography, nor had a change in HR that was clinically significant.
Discussion/Conclusion
Adequate mask ventilation is vital in both the administration of anesthesia and in general medical practice. However, previous studies have reported rates of difficult mask ventilation ranging from approximately 1% to as high as 9% [12] - [16] . This indicates that the incidence of difficult mask ventilation is high and providers must prepare for the difficult ventilation scenario. In situations without the presence of a second caregiver, patients with risk factors for difficult mask ventilation may be particularly challenging. The familiarity of providers with the NST can prevent hypoxic episodes in a variety of emergent scenarios.
According to the study design, all patients in the Experimental Group had one or Our results show that the novel one-handed sub-mandibular grip can be used as a complement or alternative technique to the traditional one-handed C-E grip in patients with certain risk factors for difficult mask ventilation. The NST delivered higher tidal volumes to edentulous patients and Mallampati class 3 patients than the C-E technique.
However, the opposite was true for patients who had beards or OSA, with the C-E technique delivering higher tidal volumes than the NST. The NST's utility in Mallampati class 4 was not assessed in this study, as none of the subjects had a Mallampati 4 airway.
Several limitations to this study must be acknowledged. As a pilot study, only a small group of patients were included in the experimental group and control group. Thus, statistical significance could not be achieved. However, inability to achieve statistical significance does not indicate that the Novel Submandibular shouldn't be taught to airway providers.
Additionally, the two-handed technique used by the anesthesia provider was based on provider preference, and not mandated to be either two-handed V-E or two-handed C-E. Provider familiarity with their preferred two-handed grip may partially account for the improved tidal volumes seen over both the conventional and the novel technique. Lastly, fatigue may play a role in the results, as the novel technique was used after the C-E technique in all patients.
This study shows that a novel one-handed sub-mandibular technique holds promise as an alternative to the traditional one-handed C-E technique in bag-mask ventilation of edentulous and Mallampati 3. Situations in which a second provider is not available to assist with ventilation make this a technique that has important implications. Further large-scale studies to investigate the differences between the two one-handed techniques are therefore warranted.
